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SPECIFICATION 
SQLID-STArE IMAGING APPARATUS AND RADTOGRAPHTQ 
IMAGING APPARATUS 



Technical Field 

5 [0001] The present invention relates to a solid-state imaging ^paratus and a 
radiographic imaging apparatus. 
Background Art 

[0002] An example of the known radiogr^hic imaging apparatus of this type 
is one having a fiber optical plate (hereinafter referred to as FOP), a scintillator 
10 disposed on one surface of the FOP, and an MOS image sensor disposed 
opposite to the scintillator on the other surface of the FOP (e.g, reference is 
made to Patent Document 1). 

[0003] Another example of the known radiogr^hic imaging ^paratus is one 
having a photodetector array in which photodetectors for photoelectric 
1 5 conversion are arrayed in a one-dimensional or two-dimensional pattern, and a 
scintillator formed direcdy on Ught-incident surfaces of the photodetectors 
(e.g., reference is made to Patent Document 2). 

[0004] [Patent Document 1] Japanese Patent AppHcation Laid-Open No. 
2000-28735 

20 [0005] [Patent Document 2] PCT International Publication WO98/36290 
Disclosure of the Invention 

[0006] In the case of the imaging apparatus as disclosed in Patent Document 
1 above, it was impossible to fiuther increase the area of the FOP itself and it 
was thus difficult to increase the image detecting area to a larger area. For this 
25 reason, one of conceivable countermeasures is the technique of forming the 
scintillator directiy on the light-incident surfaces of the photodetectors, witiiout 
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use of the FOP, as disclosed in Patent Document 2 above. Another 
conceivable means is a technique of foraiing the scintillator on a si5>port and 
bringing the scintillator into close contact with the li^t-incident surfeces of the 
photodetectors, instead of forming the scintillator directly on the light-incident 
5 surfeces of the photodetectors. 

[0007] However, the configuration without the FOP was foimd to pose a new 
problem of deterioration of SN ratio. Research and study by Inventors has 
tumed up the following new feet. Where the FOP is present, lead in the FOP 
shields against radiation not converted to light by the scintillator. Without the 

10 FOP, however, the radiation not converted to light by flie scintillator is directly 
incident to the MOS image sensor to generate charge in the region excq^t for 
the photodiodes, e.g., in a surface oxide film (such as a silicon oxide film) 
being a surface protecting film of the MOS image sensor. The generated 
charge is accumulated (or charged up) in a pn junction portion, whereby an 

15 interface leak of charge occurs in the pn junction portion being the edge of a 
photodiode, to generate a leak current. This leak current is superimposed on 
an electric current ou^ut fi-om the photodiode to degrade the SN ratio. 
[0008] An object of the present invention is to provide a solid-state imaging 
apparatus and a radiographic imaging apparatus capable of sippressing the 

20 occunence of the interface leak of charge in the pn junction portion and thereby 
preventing the deterioration of the SN ratio. 

[0009] A solid-state imaging apparatus according to the present invention 
comprises: a photosensitive section comprising a semiconductor substrate of a 
first conductivity type, and a plurality of second conductivity type 
25 semiconductor regions arrayed in a two-dimensional pattern on one side of the 
semiconductor substrate, wherein the semiconductor substrate and each second 
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conductivity type semiconductor region constitute a pn junction to function as 
a photodiode; and an electroconductive membCT provided so as to cover at 
least flie pn junction portions exposed on the one side of the semiconductor 
substrate, wherein the electroconductive member is connected to a fibced 
5 potential, or is grounded. 

[0010] In the soUd-stateiniaging^>paratus according to the present i^^ 
the electroconductive member provided so as to cover at least the pn junction 
portions e^qx)sed on one side of the semiconductor substrate is connected to the 
fixed potential, or is grounded, and thus the charge generated in the region 
10 except for the photodiodes is discharged through the electroconductive 
member to the outside, without being accumulated in the pn junction portions. 
For this reason, it is feasible to suppress the occurrence of the interfece leak of 
charge in the pn junction portions and thereby prevent the deterioration of the 
SN ratio. 

15 [0011] Preferably, the electroconductive member is of grid sh^ when 
viewed fiom a direction of incidence of light to the photosensitive section, and 
is provided so as to cover the pn junction portions e?qx)sed on the one side of 
the semiconductor substrate and portions betwe^ the second conductivity type 
semiconductor regions adjacent to each other This configuration permits the 

20 electroconductive member to be simply and easily implemented in the 
configuration enable of discharging the charge generated in the region except 
for the photodiod^, to the outside and thereby surely siqDpressing the 
occurrence of the interface leak of charge in the pn junction portions. 
[0012] Preferably, the photosensitive section fiirther comprises an isolation 

25 region fomied between the second conductivity type semiconductor regions 
adjacent to each other, and the electroconductive member is electrically 
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connected to the isolation region. This configuration can achieve 
conunonality between the electroconductive member for discharging the 
charge generated in the region except for the photodiodes, to the outside, and 
the electroconductive member for connecting the isolation region to the fixed 
5 potential or grounding it, thereby preventing complexity of structure. 

[0013] Preferably, the solid-state imaging ^paratus is configured in a 
configuration fiirther comprising: signal lines for readout of outputs from the 
photodiodes, which are electrically connected to the photodiodes; a switch 
groip consisting of a plurahty of switches for controlling electrical coimection 

1 0 and disconnection between each photodiode and the signal line in each column 
of the photodiodes; and wires connected to control terminals of the respective 
switches forming the switch group, and arranged to siqDply a scan signal to tum 
each switch oflF or on in each row of the photodiodes, to the control terminals, 
wherein the wires are located above the electroconductive member. In this 

15 configuration, the electroconductive member shields against noise generated 
with change of si5)ply voltage in the wires on the occasion of supplying the 
scan signal to the control terminals. This can prevent the noise from being 
svQDerimposed on ou^uts from the photodiodes. 

[0014] Another solid-state imaging apparatus according to the present 
20 invention comprises: a photosensitive section comprising a semiconductor 
substrate of a first conductivity type, and a plurality of second conductivity type 
semiconductor regions arrayed in a matrix of M rows and N columns on one 
side of the semiconductor substrate, wherein tiie semiconductor substrate and 
each second conductivity type semiconductor region constitute a pn junction to 
25 fimction as a photodiode; first wires provided in the respective columns; a first 
switch groiq) consisting of a plurality of switches for connection between each 
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photodicxie and the first wire in each column; a vertical shift register for 
outputting a vertical scan signal to open and close each switch forming the first 
switch group, in each row; second wires for connecting control terminals of the 
respective switches forming the first switch group, to the vertical shift register 
5 in each row; a second switch group consisting of a plurality of switches for 
connection between each first wire and a signal output line; a horizontal shift 
register for outputting a horizontal scan signal to open and close each switch 
forming the second switch group, in each column; and an electroconductive 
member provided so as to cover at least the pn junction px)rtions exposed on 

10 the one side of the semiconductor substrate, wherein the electroconductive 
member is connected to a fixed potential, or is grounded. 
[0015] Preferably, the second wires are located above the electroconductive 
member. In this configuration, the electroconductive member shields against 
noise ^nerated with change of supply voltage in the second wires on the 

15 occasion of sxpplying the scan signal to the control tOTninals. This can 
prevent the noise fi-om being si^JOTmposed on outputs fi-om the photodiodes. 
[0016] Still another solid-state imaging appdiatus according to the present 
invention comprises: a photosensitive section comprising a semiconductor 
substrate of a fiast conductivity type, and a plurality of second conductivity type 

20 semiconductor regions arrayed in a two-dimensional pattern on one side of tiie 
semiconductor substrate, vsiierein the semiconductor substrate and each second 
conductivity type semiconductor region constitute a pn junction to fionction as 
a photodiode; and an electroconductive member for discharging a charge 
generated in a region except for the photodiodes, to the outside. 

25 [0017] In the solid-state imaging apparatus according to the present invention, 
the electroconductive member provided so as to cover at least the pn junction 
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portions e>qx)sed on one side of the semicx)nductor substrate is connected to the 
jfixed potential, or is grounded, and thus the charge generated in the region 
except for the photodiodes is discharged through the electroconductive 
member to the outside, without being accumulated in the pn junction portions. 
5 For this reason, it is feasible to siqjpress the occurrence of the interfece leak of 
charge in the pn junction portions and thereby prevent the deterioration of the 
SN ratio. 

[0018] Preferably, the electroconductive member is provided above the pn 
junction portions so as to cover at least the pn junction portions e?qx)sed on the 

1 0 one side of the semiconductor substrate, and is connected to a fixed potential or 
is grounded. This configuration permits the electroconductive member to be 
simply and easily implemented in the configuration capable of discharging the 
charge generated in the region except for the photodiodes, to the outside. 
[0019] A radiographic imaging apparatus according to the preset invention 

15 comprises the foregoing solid-state imaging ^paratus, and a scintillator for 
converting radiation to visible light, which is provided so as to cover the 
plurality of photodiodes. 

[0020] In the radiogr^hic imaging apparatus according to the present 
invention, as described above, the charge generated in the region except for the 

20 photodiodes is discharged through the electroconductive member to the 
outside, without being accumulated in the pn junction portions, wdiereby it is 
feasible to suppress the occurrence of the interface leak of charge in the pn 
junction portions and thereby prevent the deterioration of the SN ratio. 
Brief Description of the Drawings 

25 [0021] Fig. 1 is a schematic view for explaining a cross-sectional 
configuration of a radiogr^hic imaging apparatus according to an 
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embcdiment of the present invention. 

[0022] Fig. 2 is a schematic view for ejqjlaining the cross-sectional 
configuration of the radiogr^hic imaging apparatus according to flie 
embodiment of the present invention. 
5 [0023] Fig. 3 is a plan view showing the radiogr^hic imaging ^paratus 
according to the embodiment of the present invention. 

[0024] Fig. 4 is a configuration diagram showing the radiogr^hic imaging 
apparatus according to the embodiment of the present invention. 
[0025] Fig. 5 is a plan view showing a photosensitive section included in a 
1 0 solid-state image sensor of the radiographic imaging ^>paratus according to the 
embodiment of the present invention. 

[0026] Fig. 6 is a schematic view for e^laining a cross-sectional 
configuration along line VI- VI in Fig. 5. 

[0027] Fig. 7 is a schematic view for oq^laining a cross-sectional 
1 5 configuration along line VII-VII in Fig. 5 . 

[0028] Fig. 8 is a schematic view for e>q)laining a cross-sectional 
configuration along line VHI-Vm in Fig. 5. 

[0029] Fig. 9 is a schematic view for e?q)laining a cross-sectional 
configuration along line IX-IX in Fig. 5. 
20 [0030] Fig. 10 is a schematic diagram for e>q)laining a cross-sectional 
configuration of the photosensitive section included in the solid-state image 
sensor in the radiographic imaging apparatus according to the embodiment of 
the present invention. 

[0031] Fig, 11 is a schematic diagram for e>qDlaining a cross-sectional 
25 configuration in a modification example of the radiographic imaging apparatus 
according to the embodiment of the present invention. 

7 
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[0032] Fig. 12 is a schematic diagram for explaining a cross-sectional 
configuration in another modification example of the radiogr^hic imaging 
apparatus according to the embodiment of the present invention. 
Best Mode for Carrying out the Invention 
5 [0033] A preferred embodiment of the present invention wiU be described 
below in detail with reference to the drawings. Identical elements or elements 
with identical fimctionality will be denoted by the same reference symbols in 
the description, without redundant description. A radiographic imaging 
^aratus according to the present embodiment incorporates a solid-state 
10 imaging ^>paratus (solid-state image sensor) according to an embodiment of 
the present invention. 

[0034] Figs. 1 and 2 are schematic views for e>q)laining a cross-sectional 
configuration of the radiographic imaging ^Tparatus according to the present 
embodiment, and Fig. 3 is a plan view showing the radiogr^hic imaging 

15 apparatus according to the present embodiment. Fig. 4 is a configuration 
diagram showing the radiogr^hic imaging ^paratus according to the present 
embodiment Fig. 3 is depicted without illustration of bonding wires. 
[0035] The radiographic imaging apparatus 1 of the present embodiment, as 
shown in Figs. 1 to 3, has a solid-state image sensor 11, a scintillator 21, a 

20 mount substrate 23, a fi^me 25, and othere. 

[0036] The soKd-state image sensor 11 is an MOS image sensor, and has a 
photosensitive section 31, a shift register section 41, and an amplification 
section 51, which are formed on one side of a semiconductor substrate 12. In 
this manner, the photosensitive section 31, the shift register section 41, and the 

25 amplification section 51 are formed on the same substrate (semiconductor 
substrate 1 2). The semiconductor substrate 12 (solid-state image sensor 1 1) is 
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fixed on the mount substrate 23. In the present embodiment, the area of the 
semiconductor substrate 12 is ^proximately 16900 mm^ (= 130 mm x 130 
mm), and the area of the photosensitive section 31 ^proximately 15625 mm^ 
(= 125 mm x 125 mm). 
5 [0037] The photosensitive section 31, as shown in Fig. 4, is constmcted in a 
configuration wherein a plurality of photodiodes photoelectric converters) 33 
for storing charges according to intensities of incident light are arrayed in a 
two-dimensional pattem on the semiconductor substrate 12. More 
specifically, the photosensitive section 3 1 is composed of M^N photodiodes 33 
10. arrayed in a matrix of M rows in the y-axis direction and N columns in the x- 
axis direction (M and N are natural numbers). In Fig. 4, M and N are 
deteraiined to be "4." 

[0038] Each of the photodiodes 33 forming the photosensitive section 31 is 
provided with a gate switch (switch forming a first switch group) 35 one end of 

1 5 which is electrically connected to the photodiode 33 and the other end of which 
is electrically connected to a signal readout line described later Therefore, 
during an opening period of flie gate switch 35, a charge is stored in the 
photodiode 33 with incidence of light, and the charge stored in the photodiode 
33 is read out to the later-described signal readout line with closure of the gate 

20 switch 35. The gate switch 35 can be constnicted of an MOSFET (field 
eflFect transistor). 

[0039] The shift register section 41 includes a vertical shift register 43 and is 
formed so as to fece one side of the photosensitive section 31, on the 
semiconductor substrate 12. The vertical shift register 43 outputs a vertical 
25 scan signal to open and close each gate switch 35. The vertical scan signal 
includes two types of drive volta^ at a high (H) level and at a low (L) level. 
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and the diflFerence between these drive voltages is approximately several V 
[0040] A control terminal of each gate switch 35 is electrically connected to 
the vertical shift register 43 by a gate line (second wire; wire) 45. In this 
configuration, each gate switch 35 can be opened and closed by a vertical scan 
5 signal outputted from the vertical shift register 43. Specifically, the gate lines 
45 extend in the x-axis direction through portions between rows of photodiodes 
33 arrayed in the photosensitive section 31, and each gate line 45 is connected 
to the control terminals of the respective gate switches 35 existing in one row. 
Accordingly, the vertical shift register 43 and the control terminals of the g3te 

1 0 switches 35 are connected on a row-by-row basis. 

[0041] Furthermore, N signal readout lines (first wires; signal lines) 53 to 
which the other ends of the gate switches 35 are electrically connected in each 
column are provided between columns of photodiodes 33 arrayed in the 
photosensitive section 31. The N signal readout Unes 53 are electrically 

15 connected to the amplification section 51. The amplification section 51 
includes charge amplifiers 55, readout switches (switches constituting a second 
switch groip) 57, a horizontal shift register 59, and so on. The amplification 
section 51 is formed so as to fece one side adjacent to the one side of the 
photosensitive section 31 which the shift register section 41 is formed so as to 

20 fece, on the semiconductor substrate 1 2. 

[0042] The charge amplifiers 55 are provided for the respective signal readout 
lines 53, and amplify charges (electric current outputs), which is read out into 
the signal readout lines 53. The readout switches 57 are provided for the 
respective signal readout lines 53 and output the charges (electric current 

25 ou^uts), which is read out of the photodiodes 33, to a signal output line 60. 
Tlie horizontal shift register 59 outputs a horizontal scan signal to open and 

10 
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close each readout switch 57. 

[0043] A plurality of bonding pads 61 electrically connected to flie amplifier 
section 51 are formed on the semiconductor substrate 12, as shown in Figs. 2 
and 3. These bonding pads 61 are electrically connected to corresponding 
5 bonding pads 65 formed on the mount substrate 23, by bonding wires 63 . In 
this configuration, the outputs from the amplification section 51 are supplied 
via the mount substrate 23 to the outside of the imaging apparatus 1. A 
plurality of bonding pads 67 electrically connected to the shift register section 
41 are formed on the semiconductor substrate 12 (particularly, cf Fig. 3). 

10 These bonding pads 67 are electrically connected to corresponding bonding 
pads 69 formed on the mount substrate 23, by bonding wires (not shown). In 
this configuration, signals fiom the outside of the imaging ^paratus 1 are 
siQ)plied via the mount substrate 23 to the shift register section 4 1 . 
[0044] The scintillator 21 converts incident radiation (e.g.. X-rays) to visible 

1 5 light and is of columnar structure. The scintillator 21, as also shown in Fig. 3, 
is arranged to cover tiie region where the photosensitive section 31, the shift 
register section 41, and the amplification section 51 are formed on one side of 
the semiconductor substrate 12, and is formed directly on the region. In this 
configuration, the scintillator 21 is arranged in contact vsdth the region where 

20 the photosensitive section 31, the shift register section 41, and the amplification 
section 51 are formed on one side of the semiconductor substrate 12. The 
region where the bonding pads 61, 67 are formed on one side of the 
semiconductor substrate 12 is not covered by the scintillator 21, and is exposed. 
[0045] A variety of materials can be used for ttie scintillator 21, and one of 

25 preferred materials is Tl (thallium) doped Csl, which demonstrates good 
luminous eflSciency. A protective film (not shown) for hermetically sealing 

11 
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the scintillator 21 while covering the columnar structure of the scintillator 21 so 
as to fill its g^s is formed on the scintillator 21. The protective film is 
preferably a material that transmits radiation but shields against water vapor, 
e.g., poly-para-xylylene (trade name Paiylene, available fi-om Three Bond Co., 
5 Ltd.), and particularly preferably, poly-para-chloro>Q^lylene (trade name 
Parylene C, available fi:'om the same company). In the present embodiment, 
the thickness of the scintillator 21 is ^proximately 300 [im. 
[0046] The scintillator 2 1 can be formed by growing columnar crystals of Csl 
by deposition method. The protective film can be formed by CVD. The 

10 methods of forming the scintillator 21 and the protective film are disclosed in 
detail in PCT Intemational Publication WO98/36290 filed by i^plicant of the 
present ^plication, for example, and the description thereof is omitted herein. 
[0047] The frame 25 is fixed on the mount substrate 23 so as to surround the 
solid-state image sensor 11. The fiame 25 has an opening 27 of rectangular 

15 shape formed at the position corresponding to the photosensitive section 31, 
and radiation is incident through the opening 27 to the scintillator 21 . A space 
S is CTeated between the fi^me 25, and flie semiconductor substrate 12 and the 
mount substrate 23. The shift register section 41 and the amplification section 
51 of the solid-state image sensor 11, the bonding pads 61, 65, the bonding 

20 wires 63, etc. are located inside the space S. Since the bonding wires 63 are 
placed inside the space S defined by the fi^ame 25, the semiconductor substrate 
12, and the mount substrate 23 as described above, the bonding wires 63 are 
protected fi-om external physical stress, without being pushed by the fi^me 25. 
In addition, a shield 29 of a radiation-shielding material (e.g., lead or the like) is 

25 provided on the side opposite to the amplification section 51 side, on the fi^me 
25, and the shield 29 well shields against radiation. In the present 

12 
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embodiment, the thickness of the shield 29 is approximately 2.5 mm. 
[0048] Next, the configuration of the photosensitive section 31 will be 
described on the basis of Figs. 5 to 9. Fig 5 is a plan view showing the 
photosensitive section. Fig. 6 is a schematic view for explaining a cross- 
5 sectional configuration along hne VI- VI in Fig. 5. Fig. 7 is a schematic view 
for e?q)laining a cross-sectional configuration along line VU-VII in Fig. 5. 
Fig. 8 is a schematic view for explaining a cross-sectional configuration along 
line VrQ-Vm in Fig, 5. Fig. 9 is a schematic view for e^q^laining a cross- 
sectional configuration along line DC-IX in Fig. 5. Fig. 5 is depicted without 
10 illustration of first to fourth insulating layers 13, 15-17, and the g3te switches 
35. 

[0049] The semiconductor substrate 12, as shown in Figs. 6 to 9, includes a 
p^-type semiconductor substrate 12a, and a p'-type epitaxial semiconductor 
layer 12b and a p -type layer 12c are formed on the p^-type semiconductor 

15 substrate 12a. The p^-type semiconductor substrate 12a is set at the ground 
potential. The solid-state image sensor 11 is one using Si as a semiconductor, 
"high concentration" refers to the impurity concentration of not less than about 
1 X 10^^/cm^ and is expressed by "+" attached to the conductivity type; "low 
concentration" refers to the impurity concentration of not more than about 1 x 

20 lO^Vcm^ and is expressed by "-" attached to the conductivity type. 

[0050] IsT-type semiconductor regions 12d are formed on the fi*ont surface 
side of the p'-type layer 12c, and a pn junction composed of each n^-type 
emiconductor (n^-type semiconductor region 12d) and the p"-type 
semiconductor (p"-type layer 12c) constitutes a photodiode (photoelectric 

25 converter) 33. The n'^'-type semiconductor regions 12d each are of 
rectangular shape when viewed fi*om the direction of incidence of light, and are 

13 
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arrayed in a two-dimensional pattern of M rows and N columns, as shown in 
Fig. 5. In this configuration, the photodiodes 33 are arrayed in the two- 
dimensional pattern of M rows and N columns in tfie photosensitive section 3 1 . 
hi the present embodiment, the length on each side of the n^-type 
5 semiconductor regions 1 2d is set to be ^proximately 50 |jm. 

[005 1 ] An isolation region 12e of a p^-type semiconductor is formed between 
adjacent n^-type semiconductor regions 12d on the fi-ont surfece side of the p"- 
type layer 12c. The isolation region 12e, as shown in Fig. 5, extends along 
the row direction and along the column direction between adjacent n^-type 
10 semiconductor regions 12d and is of grid sh^ when viewed fi-om the 
direction of incidence of Hght. 

[0052] A first insulating layer (e.g., made of a silicon oxide film) 1 3 is formed 
on the p"-type layer 12c, the n'^-type semiconductor regions 12d, and the 
isolation region 12e. A metal (e.g., aluminum) wire (electroconductive 

15 member) 14 is electrically cormected to the isolation region 12e via through 
holes formed in the first insulating layer 13. The metal wire 14, as shown in 
Fig. 5, is provided so as to extend along the row direction and along the 
column direction between adjacent n^-type semiconductor regions 12d, and is 
of grid sh^ when viewed fi'om the direction of incidence of light The 

20 metal wire 14 is grounded and thus the isolation region 12e is set at the ground 
potential. The metal wire 14 may also be cormected to a fixed potential, 
instead of being grounded. 

[0053] The width of the metal wire 14 is set greater than the distance between 
adjacent n^-type semiconductor regions 12d, and part of the metal wire 14 
25 overlaps the edges of n^-type semiconductor regions 12d when viewed fi*om 
the direction of incidence of light Namely, the metal wire 14 is provided 

14 
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above the pn jimction portions so that its edge covers the pn junction portions 
(the interfeces between the p -type layer 12c and the n^-type semiconductor 
regions 12d) exposed on the light-incident surface (one side) of the 
semiconductor substrate 12 ^'-type layer 12c). 
5 [0054] The metal wire 14, as shown in Fig. 10, is preferably provided so as to 
cover depletion layers 12f formed in the pn junction portions (the interfaces 
between the p'-type layer 12c and the n^-type semiconductor regions 12d). 
The size (width) of the depletion layers 12f is dependent upon an impurity 
concentration in the p'-type layer 12c, an impurity concentration in the n^-type 

1 0 semiconductor region 1 2d, an applied voltage, and so on. For this reason, the 
width of the metal wire 14, i.e., the width of the overlapping part with the n^- 
type semiconductor regions 12d in order to cover the pn junction portions 
needs to be set in consideration of these &ctors. In the present embodiment, 
the distance between adjacent n^-type semiconductor regions 12d is 

1 5 approximately 4 |jm, and the width of the metal wire 1 4 approximately 5 jim. 

[0055] A second insulating layer (e.g., made of a silicon oxide film) 15 is 
formed on the first insulating layer 13. The aforementioned gate lines 45 and 
a third insulating layer (e.g., made of a silicon oxide film) 16 are formed on the 
second insulating layer 15. The gate hnes 45 are made of metal such as 

20 aluminum, located above the metal wire 14 when viewed fiom the direction of 
incidence of Kght, as shown in Figs. 5, 7, and 8, and provided so as to extend 
along the row direction and between adjacent n^-type semiconductor regions 
12d 

[0056] The aforementioned signal readout lines 53 and a fourth insulating 
25 layer (e.g., made of a silicon oxide film) 17 are formed on the third insulating 
layer 16. The signal readout lines 53 are made of metal such as aluminum, 

15 
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and, as shown in Figs. 5 and 6, the signal readout lines 53 are located above the 
n^-type semiconductor regions 12d when viewed from the direction of 
incidence of li^t, and are provided so as to extend along the column direction. 
In the present embodiment, the width of the signal readout lines 53 is set to be 
5 approximately 0.5 (im. The signal readout lines 53 are placed with deviation 
of approximately 1-20 jjm from one side of n^-type semiconductor regions 
12d, above the n^-type semiconductor regions 12d 

[0057] Since in the present embodiment the metal wire 14 provided so as to 
cover at least the pn junction portions e?qx)sed on one side of the 

10 semiconductor substrate 12 is grounded as desmbed above, the charge 
generated in the region (first insulating layer 13) except for the photodiodes 33 
is discharged through the metal wire 14 to the outside, without being 
accumulated in the pn junction portions. For this reason, it is feasible to 
sippress the occurrence of the interface leak of charge in the pn junction 

15 portions and thereby prevent the deterioration oftheSN ratio. 

[0058] In the present embodiment, flie metal wire 14 is of grid sh^^e when 
viewed from the direction of incidence of light to the photosensitive section 3 1 , 
and is provided so as to cover the pn junction portions e?q)osed on one side of 
the semiconductor substrate 12 and the portions between adjacent n^-type 

20 semiconductor regions 12d This permits the electroconductive member to 
be simply and readily implemented in the configuration capable of discharging 
the charge generated in the region except for the photodiodes 33, to the outside 
and securely si5)pressing the occurrence of the interface leak of charge in the 
pn junction portions. 

25 [0059] In the present embodiment, the photosensitive section 31 includes the 
isolation region 12e formed between adjacent n^-type semiconductor regions 

16 
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12d, and the metal wire 14 is electrically connected to the isolation region 12e. 
This can achieve commonality between the electroconductive member for 
discharging the charge generated in the region except for the photodiodes 33, to 
the outside, and the electroconductive member for grounding the isolation 
5 region 1 2e, thereby preventing complexity of stmcture. 

[0060] In the present embodiment, the gate lines 45 are located above the 
metal wire 14. Jn this configuration, the metal wire 14 shields against the 
noise generated with change of the supply voltage (switching between the H 
level and the L level) in the gate lines 45 on the occasion of siq^plying the 
10 vertical scan signal to the control terminal of each gate switch 35. This can 
prevent the noise from being siq^erimposed on the outputs fi-om the 
photodiodes 33. 

[0061] The present invention is by no means limited to the above-described 
embodiment. The present embodiment is configured to discharge the charge 

15 generated in the region except for the photodiodes 33 to the outside by the 
metal wire 14 for groimding the isolation region 12e, but the invention is not 
limited to this configuration. For example, as shown in Fig. 11, it is also 
possible to adopt a configuration wherein an electroconductive member 71 
(e.g., an aluminum wire), separate from the metal wire 14 for grounding the 

20 isolation region 12e, is provided so as to cover at least the pn junction portions 
exposed on one side of the semiconductor substrate 12 and wherein the charge 
generated in the region except for the photodiodes 33 is discharged to the 
outside by the electroconductive member 71. It is also possible to adopt 
another configuration, as shown in Fig. 12, wherein an electroconductive 

25 member 73 of polysiHcon is provided so as to cover at least the pn junction 
portions exposed on one side of the semiconductor substrate 12, in the first 
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insulating layer 13 and wherein the charge generated in the region except for 
the photodiodes 33 is discharged to the outside by the electroconductive 
member 73. 

[0062] The scintillator 21 is formed directly on the saniconductor substrate 
5 12 in the present embodiment, but the structure is not limited to this. For 
example, it is also possible to adopt a configuration wherein a scintillator 
substrate is formed by laying a scintillator on a radiation-transmitting substrate 
and wherein the scintillator substrate is arranged so as to keep the scintillator in 
contact with the region where the photosensitive section 31, the shift register 

10 section 41, and the amplification section 51 are formed on one side of the 
semiconductor substrate 12. In a case where a protective film is formed on 
the scintillator, the protective film is brought into contact with the region where 
the photosensitive section 3 1 , the shifl: register section 41 , and the amplification 
section 5 1 are formed. 

15 Industrial Applicability 

[0063] The solid-state imaging ^>paratus and the radiogr^hic imaging 
apparatus of the present invention are applicable to radiographic imaging 
systems of large area, particularly, used in medical and industrial X-ray 
photography 
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